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The process of photon emission from charged particles at high energies in oriented single crystals is widely applied in experimental physics for the production of polarized photon beams. For sufficiently large angles of incidence 0 to the crystal axis/planes, 0 ӷ v , where v is the characteristic angle given by v ϭU 0 /m (U 0 is the scale of axial/planar potential and m is the electron mass͒ this process is well described in the theory of coherent bremsstrahlung ͑CB͒.
1 This theory is constructed in the framework of the first Born approximation in the crystalline potential and fails at small angles and very high energies.
Recently V. N. Bayer and co-authors developed a general theory for radiation emission from high-energy particles and pair production by high-energy photons in strong crystalline fields.
2 This theory is not restricted by the first Born approximation and is based on the semiclassical character of motion of ultrarelativistic particles in strong fields. For 0 ӷ v this theory reduces to the standard theory of CB. At very small angles 0 Ӷ v the semiclassical theory reproduces the results of the constant field approximation ͑CFA͒. For intermediate angles, 0 ϳ v , the numerical calculations in the exact theory face serious mathematical difficulties, and some approximation and modeling methods have been developed for obtaining specific numerical results. The first numerical results of the radiation emission spectra in the semiclassical theory were published in Ref.
3 ͑in the framework of an additional modeling assumption͒; exact calculations were presented in Ref. 4. In Ref. 5 an analytical method of calculation in the framework of the semiclassical approach was developed, and new numerical results were presented. Those papers demonstrate an essential difference of the exact spectra from the corresponding results of coherent theory at small angles 0 р v . There is good agreement between the first experimental results at small angles 6,7 and those calculations.
It is very important to investigate polarization phenomena at very high energies in oriented crystals, where the CB theory doesn't work. If we could find optimal crystal orientations, which bring about large intensity enhancements of essentially polarized photons at high frequencies, it will afford us an interesting possibility for producing high-energy polarized photon beams.
In this paper the formulas for the radiation emission spectra of polarized photons are derived in the Bayer-Katkov-Strakhovenko semiclassical approach. We also present preliminary results of numerical calculations in the most interesting region of intermediate angles 0 р v for a planar orientation of crystal, where maximal polarization effects are expected. To carry out the ensuing time integrals of complicated oscillatory functions we have developed a computational algorithm and a special integration program which is very efficient, especially at small angles.
We start from the general semiclassical formula, 2 which gives the spectral distribution of polarized photon energy, averaged over the initial and summed over the final electron polarizations:
where ␣ϭ1/137 is the fine structure constant and k ϭ(,k) and e stand for the photon 4-momentum and polarization vector, respectively; and ЈϭϪ are the initial and final electron energies, kЈ ϭk /Ј, ␥ϭ/m; r 1,2 ϭr(t 1,2 ) and v 1,2 ϭv(t 1,2 ) are the electron coordinates and velocities at the times t 1,2 , and x 1,2 ϭ(t 1,2 ,r 1,2 ).
We are going to find the radiation emission spectra of polarized photons, integrated over the emitted photon angles ,. Therefore, the photon polarization vectors should be defined in relation to the direction that remains fixed ͑keeping in mind the smallness of ,ϳ1/␥) after integration over ,. We choose two independent polarization vectors in the following form:
where nϭk/ and n 2 is a unit vector transverse to the incident electron velocity v 0 ; the exact direction of n 2 can be fixed by the experimental layout. We choose n 2 transverse to the crystal axis along which the incident electron is aligned. At Ӷ1 the polarization vectors e 1 and e 2 have the same fixed directions for any , and the Stokes parameters defined in terms of these vectors correspond to definite directions after integration over emitted photon angles.
Utilizing the method derived in Ref. 2, we integrate ͑1͒ over photon angles , and go over to the intensity IϭdE/dt. If the longitudinal length of crystal is much larger than the radiation formation length, after averaging over electron trajectories in the crystal we can neglect the time dependence of the intensity.
2 Finally, we present the polarized photon emission spectra in terms of the Stokes parameters 1 , 2 , 3 :
